IMPORTANCE External surgical treatment of involutional ptosis with normal levator function is challenging owing to lack of an established algorithm. Developing an algorithm-based technique could improve postoperative results while limiting intraoperative inefficiencies.
P tosis repair remains a challenge for eyelid surgeons despite more than a century of surgical refinements. 1 Internal and external approaches to ptosis surgery have merits and limitations, with no clear consensus approach despite debate. 2, 3 The ideal approach should exploit the advantages of both approaches. An advantage of the internal technique is that this approach generally does not require intraoperative adjustments, relying instead on algorithms. [4] [5] [6] [7] The archetypical internal ptosis surgery is the Müller muscle conjunctival resection; it is best suited to ptosis of mild to moderate severity. 8 Broader ranges of ptosis severity can be addressed by external approaches, but these techniques require intraoperative eyelid height adjustments without algorithms for guidance. These adjustments are limited by factors that alter eyelid height. [9] [10] [11] Approaching external ptosis surgery with an algorithm may help to control these factors and enhance predictability, while preserving the increased lifting characteristic of external ptosis repair. Recently, Martin 12 described an external levator aponeurosis resection technique in adults that reintroduced an algorithmic approach, although the approach remains to be validated in a patient cohort. This work follows the contributions of several investigators that address other challenges of external ptosis surgery. Lucarelli and Lemke 13 pioneered the small-incision technique to limit incision size. Ahuero and colleagues 14 added to the small-incision technique by marking the site for suture placement preoperatively. In this study, we build on these principles, validating modifications of Martin's algorithm 12 that account for the extensile nature of the levator aponeurosis. A recent study 15 demonstrated that the levator aponeurosis is extensile and that small stresses applied to the aponeurosis cause it to lengthen. We believe that a proposed aponeurectomy algorithm needs to consider this biomechanical property. To account for the extensile nature of the aponeurosis, a consistent amount of force is applied to the aponeurosis with a medical-grade spring scale. The spring scale allows us to standardize the amount of stress placed on the aponeurosis between patients, and we hope the scale will maximize the intercase consistency of our results. We combined the resection technique through a small incision and with preoperative suture-site marking to optimize surgical efficiency. 13, 14 We then sought to validate our algorithmic approach in a clinical cohort, investigating the predictability and success of the technique while analyzing the role of intraoperative adjustments.
Methods
In this retrospective cohort study, consecutive patients with aponeurotic ptosis and levator function of 10 mm or greater were included. Eyelids undergoing concomitant blepharoplasty or other eyelid surgery were excluded, as were patients with a history of eyelid surgery, radiotherapy, nonaponeurotic (ie, myogenic) ptosis, or less than 60 days of follow-up. The study was approved by the Western Institutional Review
Board and adhered to the Declaration of Helsinki. 16 The patients signed informed consent forms before surgery. Age, sex, preoperative and postoperative margin reflex distance-1 (MRD1), and levator function were documented. The postsurgical goal MRD1 was decided preoperatively by considering ethnicity, other concomitant eye diseases (ie, dry eye syndrome), and the MRD1 of the contralateral side for unilateral procedures. In bilateral cases, the goal for each eyelid was 3.5 mm for eyelids of patients of European descent and 2.5 mm for patients of Asian descent. 17 The amount of aponeurotic resection was calculated based on the goal MRD1. Surgical procedures were performed under monitored anesthesia care by one of us (B.S.S.). Preoperatively, a surgical marking pen was used to make 2 marks above the lash line, with the marks corresponding to the position of the temporal limbus and the midpoint between the corneal center and the nasal limbus.
14 These marks represent the horizontal location for the 2 sutures that would later connect the tarsus to the aponeurosis. Next, the central eyelid crease was marked. Local anesthetic was then administered, consisting of approximately 1 mL of an equal mixture of 2% lidocaine hydrochloride with 1:100 000 epinephrine and 0.5% bupivacaine hydrochloride. Next, a No. 15 blade (Bard-Parker; Aspen Surgical) was used to incise the marked portion of the upper eyelid crease, measuring approximately 14 mm. A needle-tip monopolar cautery unit was then used to dissect through the orbicularis oculi muscle. The dissection was directed over the orbital septum, which was opened with electrocautery. A 10-g medical spring scale (Pesola) (Figure 1 ) was zeroed and then clamped to the levator aponeurosis fibers at the level of the superior tarsus. This process grasped the lateral and medial The spring device contains a clamp (black arrow) measuring about 13.5 mm horizontally, which holds the aponeurosis in its tips; the spring (white arrow); and a calibration turning head (red arrow).
Key Points
Question How well can an algorithmic approach to external repair of involution ptosis with normal levator function achieve a postoperative margin reflex distance-1 (MRD1) that approximates the desired goal?
Findings In a 26-eyelid retrospective cohort study, a technique using a 2:1 levator aponeurectomy for each millimeter of desired eyelid lift, consistent intercase tension on the aponeurosis, and standardized suture placement elevated eyelids to a mean MRD1 of 3.2 mm compared with the mean goal of 3.4 mm.
Meaning
The technique achieved a desired postoperative MRD1 based on a preoperative goal in external levator repair.
edges of the aponeurosis at its most inferior location, lifted it away from underlying structures, and applied the clamp. The scale was then used to provide gentle, inferiorly directed traction on the aponeurosis. In this technique, we arbitrarily applied enough force to the aponeurosis such that the scale registered 6 g in all eyelids. A gentian-violet-coated caliper was then used to mark the desired amount of resection; 2 mm of aponeurosis were resected for every 1 mm of desired ptosis correction. The horizontal dimension of the resection was 13.5 mm and corresponded to the width of the spring scale's clamp ( Figure 2 and Video). The marked rectangle of aponeurosis was then resected with a Westcott scissors (Skylar Surgical Instruments) while avoiding disruption of Müller muscle but may include excision of adherent subaponeurotic fat. 18 The remaining inferior aponeurotic fibers were lifted away from the tarsus, and underneath, the superior tarsus was cleaned with scissors or electrocautery. A 6-0 polypropylene suture on a CV-11 needle (Covidien) was passed through the inferior cut edge of the aponeurosis overlying the tarsus, then through partial thickness into the superior aspect of the tarsus, and finally into the superior cut edge of the aponeurosis before being tied. A second simple suture was passed in an identical fashion, with both sutures placed at the horizontal level of the preoperative marks. Patients were then asked to open their eyes, and adjustments were made as needed with the patient supine. If the eyelid height was too high, the medial suture was loosened to create a hang-back effect.
14 If the eyelid was too low, this suture was removed. The suture was then passed again as described above, except the suture was passed lower on the tarsus and/or higher into the aponeurosis. The same methods of suture adjustment were performed if the temporal eyelid contour was too flat (temporal flare) or too steep, respectively. The magnitude of the adjustment was estimated by measuring the preadjustment and postadjustment MRD1. The skin was closed with interrupted 6-0 polypropylene sutures, incorporating the aponeurosis for crease formation. Surgical time, from incision to skin close, was noted for each eyelid. For bilateral procedures, the surgical time was divided by 2 to estimate the surgical time per eyelid.
Patients were followed up at approximately 1 to 2 weeks, 2 to 3 months, and again at 5 to 6 months. Surgical success was defined as a postoperative MRD1 that differed from the goal MRD1 by 1 mm or less, with eyelid symmetry of 1 mm or better. Statistical analysis was performed with Excel (Microsoft Corp; Redmond), using the 2-tailed t test. Statistical significance was defined as P < .05.
Results
Twenty-six eyelids of 15 patients (9 women and 6 men; mean age, 65 years [range, 17-84 years]) met the study's inclusion criteria. Eleven patients had bilateral surgery; 3 had unilateral left upper eyelid surgery; and 1 had unilateral right upper eyelid surgery. The last follow-up visit was a mean of 189 days (range, 63-343 days) after surgery.
The technique significantly increased the MRD1, yielding an improvement that endured from the first postoperative visit to the last. The mean preoperative MRD1 was 0.44 mm (range, −0.5 to 2 mm; 95% CI, 0.18-0.70 mm). The mean MRD1 at the first postoperative visit was 3.3 mm (range, 2.0-4.5 mm; 95% CI, 3.1-3.6 mm; P < .001), with this visit occurring at a mean of 11 days postoperatively. At the last recorded postoperative visit, the mean MRD1 measured 3.2 mm (range, 2.5-4.0 mm; 95% CI, 3.1-3.4 mm; P < .001 relative to the preoperative MRD1; P = .49 relative to the MRD1 at visit 1) (Figure 3) . The mean improvement in MRD1 was 2.8 mm (range, 1.0-4.0 mm). The mean amount of levator aponeurosis resected per eyelid was 5.9 mm (range, 2.0-8.0 mm). The ratio of the mean length of tissue resected to the mean improvement in MRD1 was 2.1 mm (5.9: 2.8 mm).
The technique was effective at achieving the defined goal eyelid height using the algorithm with and without intraoperative adjustments. The mean postoperative MRD1 of 3.2 mm All eyelids were at or within 1 mm of the preoperative goal, and all eyelids were symmetric within 1 mm of the other eyelid ( Figure 4) . Ten of 26 eyelids (38%) met the preoperative goal MRD1 exactly. Eleven of 26 eyelids (42%) were below the goal MRD1. Two of these eyelids (8%) were 1 mm below the goal MRD1, and 9 (35%) were 0.5 mm below the goal MRD1. Five of 26 eyelids (19%) were above the goal MRD1, but none were more than 1 mm above the goal. Four eyelids (15%) were 0.5 mm above the goal MRD1.
No eyelid required adjustment of the horizontal location of the suspension sutures. In 14 of 26 eyelids (54%), at least 1 suspension suture was adjusted vertically. Only the medial suture was adjusted vertically in 7 eyelids, and only the lateral suture was adjusted vertically in 4 eyelids. Three eyelids underwent adjustment of the medial and lateral sutures. All but 2 adjustments were of approximately 1 mm or less; the other 2 adjustments were approximately 2 mm.
No systematic overcorrection or undercorrection occurred among the 10 eyelids in which the medial suture was adjusted. In 4 of these eyelids (40%), the adjustment was inadequate: the eyelid was higher than the goal MRD1 despite downward adjustment or lower than goal MRD1 despite upward adjustment. In 2 eyelids (20%), the adjustment overshot the goal MRD1, such that the eyelid was adjusted downward and ended below the goal MRD1, or vice versa. Four eyelids (40%) were adjusted exactly to the goal MRD1.
Accrued experience did not alter the vertical adjustment rate. Seven of the first 13 eyelids required adjustment, as did 7 of the final 13 eyelids. The first 13 eyelids were undercorrected by a mean of 0.39 mm (range, −0.8 to 1.0 mm; 95% CI, 0.13-0.65 mm); the last 13 eyelids were closer to the goal MRD1 and overcorrected by a mean of 0.12 mm (range, −0.5 to 0.5 mm; 95% CI, −0.05 to 0.28 mm; P = .003). No intraoperative or postoperative complications were noted.
Discussion
Our external surgical technique for the correction of acquired ptosis with normal levator function combines a smallincision aponeurectomy with a 2:1 resection ratio and standardized suture placement while maintaining consistent stress on the levator aponeurosis among eyelids ( Figure 5 ). The data suggest that our technique is effective (achieves satisfactory height) and approximates the goal MRD1. All the eyelids studied met our criteria for success, demonstrating 1 mm or less of asymmetry and a postoperative MRD1 that differed from the goal MRD1 by 1 mm or less. Our data also support using a 2:1 resection ratio for our technique's algorithm, because the ratio of resection to change of MRD1 was 2.1.
Our success rate in correcting aponeurotic ptosis compares favorably with previously published, algorithmic approaches to ptosis surgery. Algorithms are a common feature of Müller muscle conjunctival resection surgery, with studies reporting success rates generally exceeding 80%. [4] [5] [6] [7] 19, 20 Although the success rate of our technique is similar to previous algorithmic approaches, direct comparison of studies is difficult because the definition of success varies in the literature.
21
Our definition of success allowed us to investigate the efficacy and the predictability of our technique by comparing the postoperative MRD1 with the goal MRD1 in external ptosis repair. Our small-incision aponeurectomy technique also proved to be efficient. Our mean surgical time was 14.6 minutes per eyelid, and it decreased to 13.6 minutes per eyelid in eyelids undergoing bilateral surgery. Ahuero et al 14 Almost half of the eyelids in our study required no adjustments, and in those that did, the mean adjustments were small (1 mm). This outcome suggests that the algorithm effectively brought the eyelid at or near the goal height intraoperatively and acts as an excellent starting point for adjustments in those patients, therefore reducing surgical time. Martin 12 also described an algorithmic aponeurectomy in adults with acquired ptosis. Martin 12 combined his aponeurectomy with a blepharoplasty, broadly opening the septum before resecting an 8-mm wide rectangle of aponeurosis. We resected a rectangle of aponeurosis as well, but after a smallincision without blepharoplasty. In Martin's technique, 12 the resected aponeurosis overlies the proximal tarsus. We do not resect pretarsal aponeurosis; the rectangle of aponeurosis we resect is bounded distally by the superior margin of the tarsus. This technique allows us to easily clamp a spring scale to the aponeurosis immediately above the superior tarsus. To our knowledge, previous authors have not reported using a medical scale or similar device to standardize the stress placed on the aponeurosis. We began using the medical scale as part of our technique after finding that the levator aponeurosis extends under stress, because the length of ex vivo specimens of aponeurosis aligned in their anatomical position depends on the stress applied to the tissue. 15 In vivo, stress is applied to eyelid tissue via instruments used for exposure, such as Desmarres retractors (Skylar Surgical Instruments), traction sutures, or an assistant's forceps. If the length of the aponeurosis is dynamic in vivo, it is insufficient to describe a resection based solely on the length of tissue removed; we would also need to communicate the stress the surgeon applied to the tissue during the resection. Without standardizing the stress applied to the tissue between eyelids, the amount of resection would likely differ from case to case. To minimize this potential variable, we arbitrarily applied the same small force to the aponeurosis in every eyelid with the medical scale. We hypothesize that the actual magnitude of that small force is not as important as applying the same small force in the elastic range consistently between eyelids to minimize variability. At present, we do not know how extensile the aponeurosis is in vivo. We acknowledge that neighboring tissues or even the levator muscle belly might buffer the stress placed on the aponeurosis during surgery, minimizing the extent the levator aponeurosis extends under intraoperative stress. Our study was not designed to investigate these questions, and we cannot look to the literature to find the answers because the success rate of an algorithm-based aponeurectomy in a similar cohort, to our knowledge, has not been reported. Although the role the spring scale plays in surgical consistency and predictability remains to be established in a controlled study, controlling any tissue distortion may lead to more homogenous resections.
We found that the spring scale is easy to use. We have used spring scales in more than 100 other excluded external ptosis repairs since July of 2015. The cost is manageable at less than US $70 per spring. The placement of the scale on the aponeurosis is simple and fast, as evidenced by the short operating time despite its use. As a retractor, it pulls the aponeurosis flat with excellent exposure for the resection.
To our knowledge, the number of adjustments performed in external levator resection or advancement has not been studied. Likewise, the preciseness with which current surgical techniques in the literature approach the desired intraoperative height such that they limit intraoperative adjustments remains unknown. Nearly half of the eyelids in our study did not need adjustments, and when we did adjust eyelid height, most of our adjustments were small because the eyelid height was typically already near the goal MRD1. Our algorithm, therefore, closely approximates the desired height, while allowing the surgeon to minimally adjust the height or the contour as desired.
In certain eyelids, we adjusted our way in or out of the goal MRD1. In other unadjusted eyelids, we achieved the goal MRD1. All eyelids, whether vertically adjusted or not, were within 1 mm of the goal MRD1. Additional studies may reveal that these small adjustments are unnecessary to achieve a result within 1 mm of the goal MRD1. The results of this study allow us now to proceed with a prospective, randomized clinical trial to determine whether adjustments can be eliminated altogether by comparing outcomes with and without adjustments.
Limitations
Our study has several other factors limiting the conclusions. The retrospective nature limits observer masking. To limit this bias, the preoperative MRD1 or the goal MRD1 were not reviewed before measuring the MRD1 at postoperative visits. Also, review of surgical records only identified the magnitude of intraoperative adjustments made, but not how many attempts were made to reach this magnitude. Our study sample was also small, although we were able to show highly statistically significant results. We deliberately excluded eyelids undergoing concomitant blepharoplasty or other surgery to limit confounding variables, leading to a smaller sample size.
Conclusions
Our results support that a small-incision, algorithm-based aponeurectomy is an effective and efficient method for the correction of involutional ptosis in adults and can be easily learned by eyelid surgeons. The algorithm closely estimates the desired height intraoperatively such that only small intraoperative suture height revisions, if any, are needed. No intraoperative adjustments were made in 12 of the 26 eyelids, necessitating future studies to determine whether any adjustments are needed.
